Abstract. Data obtained recently by the Mars Orbiter Laser Altimeter (MOLA) were used to study the statistical properties of the topography and slopes on Mars. We find that the hemispheric dichotomy, manifested as an elevation difference, can be described by long baseline tilts but in places is expressed as steeper slopes. The bimodal hypsometry of elevations on Mars becomes unimodal when referenced to the center of figure, contrary to the Earth, for which the bimodality is retained. However, ruling out a model in which the elevation difference is expressed in a narrow equatorial topographic step cannot be done by the hypsometry alone. Mars' slope distribution is longer tailed than those of Earth and Venus, indicating a lower efficiency of planation processes relative to relief-building tectonics and volcanics. We define and compute global maps of statistical estimators, including the interquartile scale, RMS and median slope, and characteristic decorrelation length of the surface. A correspondence between these parameters and geologic units on Mars is inferred. Surface smoothness is distinctive in the vast northern hemisphere plains, where slopes are typically <0.5 ø. Amazonis Planitia exhibits a variation in topography of < 1 rn over 35-km baselines. The region of hematite mineralization in Sinus Meridiani is also smooth, with median slopes lower than 0.4 ø, but does not form a closed basin. The shallower long-wavelength portion of the lowlands' topographic power spectrum relative to the highlands' can be accounted for by a simple model of sedimentation such as might be expected at an ocean's floor. The addition of another process such as crateting is necessary to explain the spectral slope in short wavelengths. Among their application, these MOLA-derived roughness measurements can help characterize sites for landing missions.
. These data currently constitute the highest-quality measurements of Mars topography and permit quantification of slopes from local to hemispheric scale [Smith et al., 1999, this issue] . The accuracy of pointto-point slopes along track is <0.1 ø . Resolving steep slopes is limited by the instrument's detection of reflected power, but this is rarely encountered, and only at slopes >45 ø . In the following sections, various statistical estimators will be defined and applied to the data set. A global view of elevations and slopes is presented first, followed by regional slope and power spectral characteristics.
Global Hypsometry
The most striking global feature of the surface of Mars It is instructive to consider a theoretical planet whose topography consists of an equatorial scarp of height 6 km with I km of normally distributed noise superimposed. Figure lb shows the corresponding distributions of this "noisy cliff" model. Referencing to the COF also collapses the two sharp peaks of this model into one, but depending on the amount of noise, shoulders can remain in the histogram. We therefore conclude that the elevation histogram of Mars is consistent with the dichotomy having a global effect, but an equatorial scarp is not ruled out by the hypsometry alone. 
RMS and Median Slope
Short-wavelength slopes are relevant to regional-scale processes on Mars. In order to investigate short-baseline slopes, MOLA tracks were numerically differentiated by a three-point Lagrange formula, ( 1) for three consecutive points at { (.r,:, 7/•) } with i -{0, 1, 2 } and .1;ij -.1:i -.l:j. For equally spaced points this is equivalent to a centered difference scheme. Formally, the result should be viewed as a lower limit on the absolute slope since the measurement is restricted to the ground-track direction, which may not follow the gradient direction. If the topography field is isotropic, the average properties that follow can easily be corrected for this by dividing by the average value of I <.<,.,C0)l, that is, 2/•r.
It is customary to express surface roughness in terms of the root mean squares (RMS) of slopes 0,., because radar reflection scatter is largely affected by this parameter. However, a typical slope distribution need not, and in fact rarely does, resemble a Gaussian, which is the distribution for which RMS is the appropriate measure. Point-topoint MOLA slopes can be anomalously large (e.g. owing to small craters or faults) and contribute to a long-tailed distribution. The L2 RMS slope estimate is sometimes dominated by these high slopes and is therefore not always repre- 
Interquartile Scale
It is often useful to consider roughness in terms of typical relative elevation deviations rather than slope. One way to achieve this to employ the interquartile scale (IQS). In this characterization we measure the width of a histogram of the 50% most significant elevations, scaled to unity for a normal distribution. Before normalization, this estimator Rq is defined [Neumann and Forsyth, 1995] as •'Highly variable.
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Areas similar in size and IQS are found on Mars only at the north and south ice-covered caps. Planitia (82øN, 166øE) . Values of I that are smaller than the sampling distance (•300 m) should be regarded with caution, because they rely on an extrapolation beyond the shortest wavelength observed.
Horizontal Decorrelation Length
Power Spectral Analysis
One of the most intriguing hypotheses that has arisen on the basis of data from MGS is the possibility of an ancient liquid water ocean residing in the northern lowlands . The relative smoothness of the lowlands, it has been suggested, resulted from sedimentation processes that are expected on an ocean floor. In this section one test of this hypothesis is considered.
Two areally large regions on Mars have been selected to represent the heavily cratered terrain in the south (region A) and the smooth terrain in the north (region B). Region A is bounded by latitudes 60øS and 30øS and by longitudes 150øE and 210øE. This is the most ancient, heavily cratered crust on Mars, where strong magnetic anomalies have been observed. Region B surrounds the planet in longitude and is bounded by latitudes 60øN-75øN .
The large number of MOLA profiles allows a highly accurate estimation of the power spectrum. In Figure 5 the means of one-dimensional spectra along MOLA profiles in these regions are plotted. If the spectrum is roughly divided in two, a short-wavelength portion (0.7< A <7 km) and a longwavelength portion (20< A <200 km), then it is seen that although the magnitude of the power in short wavelengths is smaller in region B than in region A, the slope is almost unchanged. However, the slope of the long-wavelength portion is substantially reduced in region B relative to A.
There is a large body of work on descriptions of scaling relationships in terms of geomorphological models Although this observation represents a piece of circumstantial evidence rather than proof of geologic origin, and despite its very early emergence from MOLA data, it has potentially tantalizing ramifications and has so far withstood the tests of repeated measurements and global coverage.
Statistics of topography show that a part of Hellas's rim has undergone intensified erosion, consistent with a hypothesis of smoothing by an ancient glacier or much larger south polar cap. We have further shown how the decorrelation length can be used as a discriminator among geologic surfaces and measured a very short correlation length over the dunes of Olympia Planitia.
A description of the topography in terms of its power spectrum demonstrates the difference between the lowlands and highlands. Modification of the long-wavelength portions of the north's spectrum relative to the south's can be accounted for by a simple depositional model (i.e. noisy diffusion) such as might be expected at an ocean's floor. However, the short-wavelength spectrum cannot by simultaneously matched, and its explanation requires an additional process such as cratering.
MOLA slopes and statistical properties of topography are also being used to characterize potential landing sites for fu- 
